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Household surveys have long been used to estimate poverty and inequality trends, as well as trends in education and health indicators, but they have not been used to the same extent to assess trends in the access to or coverage of modern infrastructure services. In this paper, we use Demographic and Health Surveys from a larger sample of sub-Saharan African countries in order to collect comparable information across countries on coverage of piped water, flush toilets, electricity, and landline telephones over time. The results suggest that coverage rates for electricity, flush toilets have improved slightly over the last decade. Coverage of piped water This paper-a product of the Development Dialogue on Values and Ethics in the Human Development Network and of the Sustainable Development Department in the Africa Region Vice Presidency-is part of a larger effort in the Network and Region to document the access to, and affordability of basic infrastructure services. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The corresponding author may be contacted at sbanerjee@ worldbank.org.
has declined, at the same time as coverage of landline (as well as cellular) telephone has increased rapidly. The decline has been primarily in the urban areas while the infrastructure coverage has either increased or remained stable in rural Africa. For all four services, among the poorest households coverage remains virtually inexistent. If business as usual continues, it would take a very long time to reach universal or widely shared coverage even in countries where coverage has improved. These results point to the need to increase efforts by governments and international community to progressively increase access to modern infrastructure services in Africa.
Introduction
Policymakers around the world face the challenge of providing reliable and affordable infrastructure services to their people. The oft-quoted statistic is that one billion people do not have access to safe water, two billion people lack electricity and safe sanitation facilities and three billion have never used a telephone; a majority of these people reside in Sub-Saharan Africa or South Asia (Brook and Smith, 2001; Anand, 2006) . The adoption of the Millennium Development Goals (hereafter MDGs) by the development community and a surge in academic literature reaffirming the role of infrastructure in development has brought infrastructure sharply into focus.
A strong network of public infrastructure is a precondition for national and regional economic growth and a channel through which private enterprise invests in developing countries.
Infrastructure directly affects productivity and output by enlarging the size of product and labor markets (Prod'humme, 2004) . Infrastructure supports pro-poor growth by enhancing overall expansion, removing barriers that hurt poor people, and encouraging poor people's participation in the growth process (OECD, 2006) . In an analysis covering 100 countries to study the relationship between infrastructure development and growth and income distribution from 1960 to 2000, Calderon and Serven (2004) find that the infrastructure stock positively affects growth
and that superior quality and quantity of infrastructure reduces income inequality (for a useful literature review on many of these issues, see Estache, 2004 as well as Estache and Wodon, forthcoming).
The private sector was expected to step in the early 1990s to help improve infrastructure when infrastructure gaps were acknowledged as a key constraint to meeting growth targets and achieving welfare improvements for the population of Africa. Between 1995 and 2005, the private sector invested almost $37 billion in infrastructure in Africa according to data from the Private Participation in Infrastructure Database at the World Bank). By contrast, the donor community retreated from infrastructure investments. In the late 1990s, infrastructure was considered a 'sunset' sector, with an all-time low of only 30 percent of total World Bank lending dedicated to infrastructure. Unfortunately, the private sector appetite for investments in Africa's infrastructure has been on the decline in recent years due to difficult political economy constraints for cost recovery and several failed and renegotiated infrastructure transactions. The
MDGs and the renewed emphasis on the direct and indirect relationships between MDG targets 3 and infrastructure made investments in infrastructure a priority again for the donor community. This is resulting in renewed flows of official development assistance for infrastructure projects in sub-Saharan Africa to try to bring the continent at par with other regions of the world. (Lobo, Foster, and Halpern, 2000) . In this paper, after providing a brief description of our data and methodology in Section 2, we provide in Section 3 both country-level and Africa-wide trends in access to electricity, water, sanitation, and landline telephones for the period 1990-2005. A brief conclusion follows.
Data and methodology
In order to document trends in access to modern infrastructure services, we constructed a To conduct a distributional analysis of access, a household welfare measure to establish a correlation between access to infrastructure and well-being needs to be constructed. The DHS does not collect any income or expenditure information on households. Therefore, we construct instead an index of wealth or assets, which is known to be highly correlated to income and consumption in surveys where this information is available. The number of asset variables available for the construction of the asset index varies across countries and time periods. Thus, an asset index that would be completely consistent for all countries and years would lead to not using substantial data on wealth that is available for some countries, or some time periods only. This is why, following Diallo and Wodon (2007a) , the asset index is constructed using principal components analysis based on the maximum amount of information available on assets for each 6 country at each point in time. Usually, these variables consist of housing attributes, infrastructure use, and a range of other assets owned by households 4 . The asset or wealth quintiles are created using this asset index.
The standard categories of the infrastructure variables are presented in Table 2 . In addition to standard categories, additional categories can be used to follow water and sanitation indicators, for example by computing access to so-called improved or unimproved water sources, which is an indicator for the Millennium Development Goals. For example, 'access to safe drinking water' is defined as the 'percentage of the population using improved water sources'
and is monitored by the JMP. The fact that infrastructure categories are added in the DHS and sometimes changed in each phase makes it difficult to track the same categories over time in some cases. Therefore, in addition to the improved and unimproved water and sanitation source categorization adopted in the JMP, we use also in this paper a categorization based on modern, intermediate and basic service options suggested by Komives et al. (1999) (Table 2 ).
It would be interesting to know whether the service received meets some quality standards. Unreliable and infrequent electricity provision costs households and businesses losses and may lead to a dependence on alternative and often more expensive sources of energy. Also, households may be receiving water for only two hours in a day even when they are connected with piped supply. The availability of this information has significant policy implications. In
Eastern Europe and Central Asia, where there is universal access, household surveys report quality of service delivery in some countries. Unfortunately, this type of information is not available in the DHS or MICS surveys for Africa. suggest that an increase in GNI per capita of one thousand dollars is associated with an increase in access rate at the national level of 15 percent for piped water, 11 percent for flush toilets, 18 percent for electricity, and a much lower 6 percent for landline phones (but this does not take into account the impact of income on the fast rising mobile phone sector). Still, while there is a strong correlation between GNI per capita and access rates, some countries are performing better than suggested by their level of economic development. For example, Lesotho, Namibia and Senegal perform well for landline phones, while Namibia, Senegal, and Zimbabwe do well for flush toilets. At the same time, some countries do not perform as well as expected. This is apparently the case among others for Lesotho and Cameroon for access to piped water, these two countries plus the Republic of Congo for access to flush toilet, Namibia and Lesotho again for electricity, and finally Cameroon and the Republic of Congo for landline phones. Of course, all these results should be interpreted as simple descriptive statistics, given that the relationship observed between economic development and access rates in figures 1 through 4 does not control for other potentially important determinants of access rates, such as the rate of urbanization, the population density per squared kilometer in the country, and the type of service provider or regulation system in place, among others.
Access Trends

Country level estimates
In tables 4 and 6, access rates are provided for urban areas and rural areas. As expected, coverage in urban Africa fares better, especially in comparatively richer countries. Access rates are highest in capital and other major cities. By contrast, in most countries the rural population is almost completely left out of the modern infrastructure service coverage. connections. In these and a few other countries such as Ethiopia, Namibia, and Zimbabwe, more than three-fourths of the urban households use electricity in their homes.
The fact that a majority of Africans are left out of modern infrastructure service leads one to wonder if access has improved in Africa despite the impetus in the past decade to step up infrastructure investments and the focus on pro-poor service delivery. That is, has the infrastructure expansion policy resulted in more people being covered in this decade starting from a low base in the early 1990s? To answer this question at the country level, we plot in in a few countries, access has increased but that the increase has been lower than one would have hoped. In both rural and urban areas, evolution of access as expressed by the regression coefficient has been barely positive (i.e., the coefficient for the slopes of the regression lines is often not very different from unity, at least for water, sanitation, and electricity; the coefficients are higher for landline phones, but this is from a very low base in 1995). The intercept term is also important. One likely path for improvement over time would be rapid expansion in the countries where coverage was particularly low in the base year, with slower expansion in the countries where coverage was relatively high in the base year because further gains are more 9 difficult to achieve when coverage is already high 5 . In such a case, we would observe a slope coefficient below one together with a positive and potentially large intercept term, which is indeed what is often obtained in Figure 5 , at least in urban areas where coverage is higher.
The capital and major cities have recorded impressive gains compared to small towns and rural areas in Africa. In Benin, Cameroon, Ethiopia, Gabon, Ghana, Guinea, Madagascar, Senegal, South Africa, and Zimbabwe, about three-fourths of the residents in capital and major cities have electricity. More than half of the population in cities of Ethiopia, Kenya and South
Africa have landline telephones. In Benin, Senegal, Zimbabwe, and South Africa, more than 90 percent of city households are covered by piped water supply. More than three-quarters of the city dwellers in Senegal, South Africa and Zimbabwe depend on sewerage systems to meet their sanitation needs. Capital and major cities in Namibia are exceptional in the coverage of modern infrastructure services -96 percent had piped water, 97 percent had flush toilets, and 88 percent of urban dwellers had electricity as of 1992 (Table 5 ).
There has been a revolution in the availability of communications services in Africa in the past decade. Governments have issued licenses for mobile operators and competition has spurred private investment and competition. Telecommunications, particularly mobile phones are now part of every-day life in most African countries. Although this is not discussed here, it can be shown using other data sources (household expenditure surveys rather than DHS) that mobile phone coverage is higher than landline use in all the countries for which information on both services is available. For instance, in the Democratic Republic of Congo, 11 percent of the population has cell phones compared to less than one percent of households using a landline.
Given that households are using cell phones as substitutes to land lines and not as complements, households use either one of the two services and very few households use both.
In table 7, data are provided at the national level regarding within country coverage rates according to the quintile of wealth of the household. This is done for each country using the latest year of data available. Clearly, and as was to be expected, coverage is virtually inexistent among the very poor in most countries, and in quite a few countries, coverage is also low even in the top quintile. As richer households who do not yet have modern infrastructure services are likely to benefit the first from potential increases in access, this suggest that coverage among the poor will remain very low in most countries for quite some time.
Africa level estimates of trends in access
One difficulty in providing an Africa-wide trend in access rates stems from the fact that the panel of countries available through the DHS surveys is not balanced for each period.
Countries have observations for different years. Therefore three alternative methods were used to estimate overall access trends. The first method includes only the 11 countries for which there are data for three time periods, 1990-95, 1996-2000, and 2001-05 are available. The second method includes countries with data for only one or two time periods. For countries with data for only one time period the data are used for all three time periods, assuming no change over time in access. If data are available for two periods, the annual growth rate in coverage between the two periods is used to estimate the rate for the third period. The third method is similar but assumes that access rates cannot fall more than population growth. If access rates in the third period drop by more than what would be observed assuming no growth in the total number of connections, the survey data for the third period are replaced with the coverage rate in the second period times the ratio of the population in the second period divided by the population in the third period. In the case of landlines, due to a smaller number of observations, and increasing access in most countries, only the second method is applicable.
Given some issues of comparability between surveys in selected countries and the resulting need to correct for some outliers, our preferred estimates for the analysis are obtained from the third method. Yet the results provided in table 8 from all three methods are broadly similar. They suggest that access rates for electricity and flush toilets have improved slightly over time but that access to piped water has not. Access rates within urban areas have either declined or remained stable and rural areas have not changed much or increased which suggests that migration from rural to urban areas has contributed to the higher access rates. Finally, the gains in access to electricity have been better shared across wealth groups (except for the very poor) than have the gains in access to flush toilets, which tend to have benefited the richest households the most. Among the poorest quintile access to all three basic infrastructure services remains virtually inexistent.
How far away is universal access? While this may seem to be a misplaced question given the low coverage rates for many services in most countries, it helps in showing how slow progress will be if substantial investments are not made in order to improve coverage faster. The 11 predicted year of universal access is computed in a very simple way by taking into account the difference for each country and each service between the growth rate in coverage (in terms of number of connections made available) and the growth rate of the population over time. The average Africa-wide annual growth rates in coverage for the different services in the countries in the sample is 5 percent for electricity, 1.4 percent for piped water, 7 percent for flush toilet, and 12 percent for landline telephones during the period 1996-2005 (Table 9) telephones; however it is known from sector statistics that the rate of expansion for that service is much higher than for landlines. At the other extreme, one country that stands out as falling behind demographic growth in expansion of all its modern infrastructure services is Zambia, which reports a negative growth rate for piped water, flush toilet and electricity, and has been expanding landline service slowly.
Using the data on the annual growth rates in coverage at the country level, it is possible to project the year in which each country would reach universal access for each of the modern infrastructure services, based on the assumption of continued expansion at 'business as usual' rates ( Figure 9 ). The projections indicate that under 'business as usual' conditions fewer than 20 percent of countries would reach universal access for piped water by 2050, while fewer than 40 percent of countries would reach universal access to electricity by the same year. In a third of the African countries surveyed, universal service for piped water and electricity (if historic trends continue) would not be reached during the current century. The projections for flush toilet and landlines are less credible in the sense that both services are currently experiencing very high growth rates from very low base levels, and these growth rates are bound to slow down as penetration increases, particularly given the high cost of these services relative to the purchasing power of the population. Hence the estimates provided here regarding the time to reach universal coverage are bound to be too optimistic.
Another constraining factor is the fact that an additional trend is further complicating the achievement of universal access for network infrastructure services: namely that of shrinking households. The average African household appears to be getting smaller as GDP per capita rise.
At work here is urbanization, declines in fertility, and greater economic resources, which allow nuclear families to disengage from extended households, in part because they no longer need the economies of scale provided by larger households. Because shrinking household size exerts such a strong effect on the need for new connections, countries with higher GDP per capita and lower population growth may not necessarily expect a smaller increase in connection needs than poorer countries, because the gains from lower population growth are often offset by the changes in household sizes (Diallo and Wodon, 2007b) .
Conclusion
This paper has provided a description of the trend in access rates to basic infrastructure services in sub-Saharan Africa using data from DHS surveys. The results are not encouraging.
Access rates for electricity and flush toilets have improved slightly over the last decade. Increase in electricity coverage appears to be driven by rural electrification. Urban electricity coverage has declined slightly in the last 10 years and rural coverage has increased by three percentage While not all of these things can be directly applied to other infrastructure services, they nonetheless provide pointers in terms of directions for change that could help to support faster coverage gains for other services. These include lowering capital costs, reducing up-front connection charges for households, and providing alternative and more flexible payment methods to the traditional ex-post monthly bill used for electricity and water.
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